This paper describes an investigation of the transmission of US shocks to Asian economies with consideration of financial linkages and trade linkages. Using the sign restriction vector autoregression (VAR) approach during 2000-2012, our empirical results can be summarized as follows. First, both US financial and trade linkages exert a significant impact on production in Asian economies. Second, through both financial and trade linkages, US spillover shocks account for around 50% of the production fluctuation in Asian economies. Third, during the episodes of 2007-2009 US financial crisis, the impact of financial shocks is greater than that of trade shocks. Results suggest that (i) Asian economies are not decoupled with US; (ii) Different from conventional findings, financial linkages between US and Asian economies are strong, especially for highly developed Asian economies. Therefore, investors and policymakers of Asian economies should take account of US financial conditions. 2
Introduction
Although Asian economies 1 Thailand. We intend to emphasize the industrialized countries and not resource-rich countries. Therefore, we exclude Indonesia. In addition, according to classification by the IMF, Korea and Taiwan are advanced economies. In addition, we define Malaysia and Thailand as emerging economies. Specifically, according to Penn World Table 7 .1, GDP per capita of 2010 in Korea and Taiwan were 28,768 US$ and 32,294 US$. Those of Malaysia and Thailand were 13,993 US$ and 9,212 US$. Kenourgios and Padhi (2012) investigate both equity and bond markets of emerging economies and provide evidence of contagion related to the subprime crisis of 2007. In addition, empirically investigate the global financial crisis and emerging stock market contagion by multivariate Fractionally Integrated Asymmetric
Power ARCH (FIAP-ARCH) dynamic conditional correlation (DCC) framework.
Similarly, using the same FIAP-ARCH DCC framework, investigate the interdependence of US dollar exchange rates expressed in other major currencies. Different from particularly addressing contagion among financial markets as described above, Gimet (2011) specifically examines the impact of recent global financial crisis on real macroeconomic variables. Furthermore, results reveal that financial linkage became less important for transmission of the recent US Financial
Crisis to Asian countries using a vector autoregression (VAR) approach with identification methodology based on contemporaneous zero restrictions.
Next, in light of trade linkages, cross-border vertical linkages, i.e. international trade in intermediate goods, play a key role in trade linkage. Recently, using input -output analysis, Levchenko et al. (2010) and Bems et al. (2010) reveal that sectors using intermediate inputs experienced significantly greater reductions in both imports and exports during the recent crisis. In Asian economies, as explained by Pula and Pel tonen (2009) using input-output analysis, international production networks and vertical linkages with advanced economies were more developed than in any other region.
Therefore, the sudden fall of demand in US final consumption goods produced amplified spillover effects on Asian economies through different stages of the sequential process.
Different from input-output approaches, Abeysinghe and Forbes (2005) investigate trade linkages and output multiplier effects for Asian economies using panel VAR. The mo del specifically examines two types of cross-country linkages: direct effects via bilateral trade and indirect effects via output multipliers. They infer that the latter is large. Finally, using structural VAR analysis with identification methodology of Cholesky decomposition, Kim et al. (2011) and Kim and Lee (2012) report that the interdependence of Asian economies with the world increased through trade linkage after the Asian financial crisis of 1997.
As described above, previous studies have dealt with financial and trade linkages, but only separately. In addition, opinions are divergent on which linkage is the more important. Furthermore, empirical evidence related to the extent of considering both real and financial shocks in Asia has been scattered and inconclusive. This paper therefore quantifies which transmission linkage had a major role in US spillovers to Asian economies during the recent US financial crisis. This subject is extremely important because it provides rich information for the debate about whether emerging markets have decoupled from advanced economies. Additionally, it suggests policy implications to reduce and to avert further escalation of stress in emerging economies from advanced economies. The appropriate specific measure to contain the spillover of the financial crisis depends on knowledge of the spillover channel. 
restrictions on
A must be imposed.
Conventionally, recursive ordering of the variables (Cholesky decomposition), contemporaneous restrictions on the error terms, or decomposition in temporary and permanent components (Blanchard-Quah decomposition) is used.
However, different from a conventional approach, this paper presents an alternative identification approach developed by Uhlig (2005) and by Mountford and Uhlig (2009) .
The approach imposes sign restrictions on the impulse response functions of a set of variables. Uhlig (2005) as in Uhlig (2005) .
Second, we repeatedly draw possible vectors
q from a flat prior distribution and compute the corresponding impulse response functions up to horizon s . Third, for each draw, we check whether the sign restrictions imposed for the identification of a particular shock are satisfied. We see this draw as successful and keep it if the restrictions on all variables are satisfied. Otherwise, it is discarded. Finally, after completion of the simulation, the set of successful draws is useful to compute the median impulse response functions and corresponding confidence bands. 6 This empirical methodology is designated as the pure sign restriction approach. Asian countries to the US. We identified US trade shock from these two variables and calculated its impact on Y_i. This choice of variables is based on reports of studies by Kim et al. (2011) and Kim and Lee (2012) , which use aggregate output of world, the Asian region and individual Asian to identified trade linkage. Furthermore, we extend these preceding studies with inclusion of IMP.
Data
To consider the spillover of US financial shocks, we include FCI in the model. all the data are presented in Figure 1 . As the figure shows, it is apparent that FCI suddenly rises and that both the Y_US and IMP suddenly drop after 2008. Then we can infer that the industrial production of Asian economies dropped suddenly because of the US spillover effect.
<< FIGURE 1 >>

Identifying Assumptions
Two US shocks were identified using sign restrictions and treated as exogenous with 9 "Great Moderation" refers to reduction in the volatility of business cycle fluctuations such as GDP growth, industrial production, and unemployment, starting in the mid- respect to Asian economies. The first shock, the spillover of the US financi al condition to Asian economies, is defined as the finance shock. The second shock, the spillover of the US real shock through trade linkage to Asian economies, is defined as the trade shock. Both structural shocks are adverse and are expected to degrade the production of Asian economies. Our approach necessitates the imposition of only a few sign restrictions that have an economically meaningful interpretation while avoiding some identification problems that are present in more "traditional" structural VAR models. we assume that if the US financial condition deteriorates, then US production will drop because tightening financial conditions will decrease the demand for investment and consumption. Then, through financial linkages, such as decline of capital flow, withdrawal of lending by international banking, financial market comovement, it can be expected that Asian economic production will decline. Therefore, in our four-variable VAR model, we impose a negative sign to Y_US and positive sign to FCI for an identified financial shock that originated in the US. It is noteworthy that positi ve values of the FCI denote tighter financial conditions. Here, we imposed no restriction on Y_i or IMP. The emphasis of our analysis is the response of production of Asian economies: Y_i.
<< TABLE 1 >> However, to identify trade shocks, we assume that if US production drops, then US domestic absorption and US import will decline. Then, we can expect that the production of Asian economies will decline by the decrease of exports to the US. Therefore, we impose a negative sign to both Y_US and IMP to identify trade shocks originating in the US. Here, we imposed no restrictions on Y_i or FCI. The main focus of our analysis is the response of production of Asian economies: Y_i. Based on these restrictions, we will quantify which US transmission shock played the more important role in spillovers to
Asian economies.
Estimation of a four-variable VAR model includes the constant term and time trend.
The lag length is chosen using the Akaike Information Criterion (AIC). The lag lengths for Korea, Taiwan and Malaysia are four; that for Thailand is three. Furthermore, sign restrictions are imposed for the horizon of K=12 months. (adverse) financial shocks, which indicates that an adverse financial shock was transmitted to Asian economies and that production then deteriorated because of the deterioration of the US' financial condition. Consequently, a financial shock can be regarded as one shock that decreased the production of Asian economies after the recent US financial crisis. This result is consistent with those reported by Canova (2005) , which indicate that the US financial shock played a crucial role in transmission to Latin America. Furthermore, in the economically advanced countries of Korea and Taiwan, the financial shock takes 2-3 lag periods to affect production. In contrast, in the emerging economies of Malaysia and Thailand, 5-6 lag periods passed before affecting production.
Empirical Results and Discussion
Dynamics of Transmission
The immediate spillover of the US financial shock to advanced economies implies that financial linkage strengthens along with economic development.
Next, the responses of Y_i against (adverse) trade shock are all shown to be significantly negative. In addition, except Taiwan, the trade shock takes two lag periods to affect production. Furthermore, for Taiwan, it takes five lag periods to affect production. These results are consistent with the absorption approach of international macroeconomic. Because of the decline of production and imports in the US, Asian exports and economic production declined through trade linkage. Consequently, a trade shock can be regarded as one shock that decreased the production of Asian economies after the recent US financial crisis. In contrast to a financial shocks, this result is not consistent with results reported by Canova (2005) , which show that the US trade shock plays a negligible role in the transmission to Latin America.
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Therefore, the empirical results presented herein show that these two structural shocks cause the decline of production in four Asian economies. However, the question remains of which structural shocks played an important role in the transmission of recent US financial crisis. The next section presents quantification of the transmission channels' roles in US spillovers to Asian economies.
Importance of US shocks
The preceding section shows that the two structural shocks described above contributed to the decline of production in Asian economies. However, their relative importance has not been explained. We have yet to ascertain which structural shock played the most important role. Consequently, by conducting variance decomposition analysis, the fraction of the forecast error variance of Y_i by financial and trade shock are explained over the entire sample period. Table 2 reports the fraction of the forecast error variance of Y_i explained by financial shock and trade shock. In all Asian economies, and in all horizons, the results show that around 50% of the variation in production of Asian economies is explained by the sum of the two shocks that originated in the US, which
indicates that Asian economies are vulnerable to US structural shocks and are not instead decoupling from the US. This result is consistent with those reported by Canova (2005) and Mackowiak (2007) , which demonstrated that external shocks are an important source of output fluctuations in small open emerging economies.
<< TABLE 2 >>
Turning now to the relative importance of the structural shocks, a closer examination reveals that the financial shock is slightly stronger than the trade shock in the advanced economies of Korea and Taiwan. For example, at the horizon of four months from Table   2 , in Korea (Taiwan), the financial shock and trade shock respectively explained 25.36%
(27.85%) and 23.40% (23.08%) of production. In contrast, the trade shock is larger than the financial shock in the emerging economies of Malaysia and Thailand. For example, in Malaysia (Thailand), the financial shock and trade shock respectively explained 18.23% (19.59%) and 25.62% (24.69%) of production.
Viewed from a different perspective, when exclusively examining the impact of financial shock, at any horizon, the impact of the financial shock in advanced economies is greater than in emerging economies. For example, at the horizons of four months from Table 2 , in Korea (Taiwan), the financial shock explained 25.36% (27.8 5%) of production, but in Malaysia (Thailand), the financial shock explained 18.23% (19.59%).
Development and internationalization of financial market improved according to the level of economic development. Therefore, this result implies that the spillover of financial shock becomes greater along with economic development.
How important are financial and trade shocks for the fluctuation of production in
Asian economies during episodes of global recessions? It can be expected that the impacts of crisis-related shocks are time-variant and that they depend strongly on financial and economic conditions. Usually, financial conditions are not stable throughout the period. They are expected to deteriorate greatly after the eruption of a crisis. Therefore, assessment of the relative importance among structural shocks and how this evolved over time necessitates the use of historical decomposition analysis. 12 The sudden drop of production in Asian economies after the recent US financial crisis is the target of interest here. Therefore, the historical decomposition is computed. Figures 6-9 respectively present results for Korea, Taiwan, Malaysia, and Thailand.
<< 
Interpretation of the results
The spillover of recent US financial crisis to Asian economies is a hotly disputed issue.
Especially, no consensus exists in the discussion of transmission of financial shock, specifically whether financial shock from the US has a strong or weak impact on Asian economies. Contrary to this, in the discussion of transmission of trade shock from US, the consensus is unanimity and trade shocks are presumed to have had a substantial impact on Asian economies. Here, we discuss our empirical results with comparison to earlier studies of financial and trade linkage in Asia.
Regarding trade linkage with the US, our empirical result is consistent with those of preceding studies and reconfirms that the US trade shock has a marked impact on Asian economies. In contrast with Asian economies, according to Canova (2005) , the spillover of trade shocks from the US to Latin America is not significant. Characteristics of the trade structure of Asia economies might account for the differences of the results w ith Latin America. Especially, according to Pula and Peltonen (2009) , because trade between Asia and the US is dictated by intra-industry processing and assembly through vertically integrated production chains, the regional economies can be highly sensitive to an external shock from US. Although the share of US market in terms of Asian economies total export is on the decline, when considering the share of intermediate goods that are traded for assembly and production, relations between the US and Asia have strengthened over time.
Next, in the case of financial linkage with the US, arguments of two kinds are put forth. The first argument is that US financial spillover is not great because financial sectors of Asian economies are not highly developed and because the level of internationalization is low. For example, according to Tille (2012) Yiu et al. (2010) , and Fujiwara and Takahashi (2012) , in the stock and bond markets, the US and Asia have been closely interconnected. Moreover, interdependence in financial markets is a strengthening trend.
According to our empirical results, we can interpret our results as follows. Although the impact of trade shock spillover to Asian economies is considerable, the size of the financial shock is greater than that. Therefore, probably although international banking networks are not strong and that resilience to financial crisis has improved since the Asian financial crisis in 1997, the impact of financial market integration is greater than that.
Concluding Remarks
From preceding studies, no consensus arises from the discussion of transmission of financial shock in Asian economies. Especially, using the VAR approach, Gimet (2011) reported that financial linkage is unimportant for transmission of the recent US Financial
Crisis. However, because "traditional" VAR approaches such as Cholesky decomposition, contemporaneous zero restrictions, and long-run restrictions of Blanchard-Quah decomposition have identification problems, we use the sign restriction approach of Uhlig (2005) to overcome these problems. According to our empirical results, different from conventional studies, we infer that the financial shock from the US had a significant impact on Asian economies. Furthermore, during episodes of the recent US financial crisis, although the impact of the trade shock spillover to Asian economies was considerable, the size of financial shock spillover was also significant and greater than that. Therefore, our empirical finding from VAR analysis supports the empirical results reported by Chiang et al. (2007) and Yiu et al. (2010) 
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Note: Impulse response to adverse financial and trade shocks that originated in the US.
Each figure shows the median as well as the 16% and 84% quantiles. The impulse response functions for a horizon are calculated up to 18 months after the shock. respectively denote industrial production of the US, the financial condition index, imports of the US, and industrial production of Asian economies with country index i, which denotes Korea (KOR), Taiwan (TWN), Malaysia (MAL), and Thailand (THA). 
